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Abstract:

Various bicyclooxacalixarenes, tricyclooxacalixarenes and oxacalix[2]N
hexylnapthalimide[2]naphthyridines are synthesized via SNAr condensation. This
research

has

involved

synthesis

hexylnaphthalimide[2]naphthyridines

optimization.

have

exhibited

The
host-guest

oxacalix[2]N
binding

in

fluorescence experiments. These compounds have been characterized by NMR
spectroscopy as well as single crystal X-ray diffraction.
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Introduction:

"

Intensive research of carbon bridged calixarenes over the past naif cent!.lry
has allowed these fascinating cyclophanes to carve out their own niche in modern
supermolecular chemistry.l The word calixarene is derived from the Gree'k calix,
which means "'vase" or "chalice"2. Though he was never able -to isolate a pure
product, calixarenes were believed to be first synthesized by Adolf von Bayer in
the 1870's by reacting phenols with formaldehyde.

Leo H. 8aekeland and his

Bakelite Company brought phenol-formaldehyde resins into commercial use at the
tum of the 20th centuryJ.

It was not until about one hundred years after Bayer

when David Gutsche's group at Washington University decided to reinvestigate
phenol-formaldehyde chemistry and was the first to correctly determine the
structures and characterizations of calixarenes.

The Gutsche group worked for

years to optimize reaction conditions for calixarene synthesis4 (flgure 1). They
found that any slight delineation from their prescribed reaction conditions would
result in poor yields of the desired calixarene.
Calixarenes have been

proven to be useful

conformational and cavity structures.

due to their unique

Today calixarenes have uses in the fields

of chiral catalysis, nuclear waste extraction, and molecular recognitions.

Katz. J.L.; Feldman, M. B.: Conry, R. R. Organic Letters. 2005,91-94.
Gutsche, C. David. Calixarenes. The Royal Society of Chemistry. 1.989, 20-21.
3 Crespy. D.; Bozonnet, 'M.; Meier. M.. Angew. Chem. Int. Ed. 2008. 47,3322 - 3328
4 Gutsche, C. David'. Ca/ixarenes. The Royal Society of Chemistry. 1.989, 27-47.
5 !3ohmer, V.; Asfa'i. Z.; Harrowfield J.; Vicens. J. Calixarenes 2001, Kulwer Academic Publishers.
1

2

2001,627-€77.
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Figure 1: General reaction diagram for a carbon bridged calixarene

Oxygen bridged calixarenes (oxacalixarenes) were first reported in 1966 in
low yield 6 . Later, other groups reported increased but still modest yields (28%) of
the same tetranitrooxacalix[4]arene 7 • The Katz group has been focusilng on the
study of this type of macrocycle using nucleophilic aromatic substitution, and j,s,
able to synthesize a numbe.r of oxacalixarenes in high yields (Scheme 1). Unlike
their carbon bridged counterparts, the reaction conditions for the synthesis of
oxacalixarenes are operationally simple. These reactions involve condensing

di~

or triphenols with dichl'oro-aromatic electrophiles bearing electron stabilizing
groups in the presence of base.

HOyyOH

CI"l(YCI

V +

~\'~_
EWG

~:So ~~ ;

E'WG = electron withdrawing group

~

o~ ~"WG

()~I
V~o

Scheme 1: General reaction scheme for the synthesis of an oxacalix[4]arene

6

7

Sommer. N.; Staab, H.A. Tetrahedron Letters. 1966. 25.2837'-2841.
Bottino. F.; Foti, S.; Papalardo, S. Tetrahedron 1976, 32. 2567-2570.

11

In their first paper on oxacalixarenes, the Katz group reported the use of
both

~C03

and CS2 C0 3 to promote the reactions for the formation

of

tetranitrooxacalix[4]arenes with near quantitative yields in as fast as 10 minutes
at room temperature. These SNAr condensation reactions for oxacalixarenes are
thermodynamically controlled allowing them to run the reactions at high
concentration.

The flexibility of this

S~r

based route has allowed the Katz

group to synthesize a variety of highly functionalized oxacalixarenes. 1
The Katz group also reported equally high yields with potassium fluoride
and sodium carbonate. 1

Later, CS2 C03 was used exclusively because, as a

counter ion, cesium does not interact with the

oxy~anion

as much as the smaller

sodium or potassium would, effectively increasing the rate of the Sr-Ar.

This

choice of cesium cation proved to be essential as less electrophilic heterocycles
were used (Scheme 2).

Promotion by fluoride base was later revisited when

anhydrous conditions were required and also in attempts to alter product
selectivity.
R,

HO~OH

Y

10

R,

2
Cs,CO,. DMSO

68-9W.

13

Scheme 2: General synthetic pathways toward oxacallixarenes containing

azaheterocycl ic electrophill'es
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One of my first projects was the synthesis of different oxacalixarenes by
condensing azaheterocyclic electrophiles such as 4,6-dichloropyrimidine (1) or
2,6-dichloropyrazine (2) with phloroglucinol (3) or hydroquililone (4).

The

reactions involving phloroglucionol lead to pyrazine bicyclooxacalixarene 5 or
pyrimidine bicyclooxacalixarene 6 (Scheme 3).

o

§ r

Nt-(

. fl
N

ClAN/.

~NO

"1./

o
OH

Cl

2

O

h

N

N

0'0
"L...!I
NN~/
vz.~-/'. 0

HO~OH

o

5

3

CsF, DMSO

6

Scheme 3: Formation of bicyclooxacalixarenes 5 and 6

The reactions involving hydroquinone afforded m.p,m,p-oxacyclophanes 7
or 8 (Scheme 4.

Low to modest yields of the aforementioned compounds were

obtained with cesi,um carbonate. I then attempted the reacti:on for the format.ion
of 5 in the presence of CsF and found a significant increase in y,ield. This led me
to continue using CsF as a base in subsequent reactions. Yields of severa II other
oxacalixarenes and oxygen-bridgedl cyclophanes.

originally synthesized with

cesium carbonate, have shown increased yields wilt.h cesium fluoride.
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HO-{ }-OH
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~
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4
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~ .I.

N
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N

N1\

II

ro

0-4
8

Scheme 4: Formation of m,p,m,p-oxacyclophanes 7 and 8

In July 2007, the Wu group published a calculational studyB showing tl1at
hexanitrobicyclooxacalixarene 15, previously synthesized and published by the
Katz groupS, was capable of complexing fluoride ion in the gas phase.

The

calculation showed that fluoride shoul!d favorably interact with the three hydrogens
pointing to the inside of the cage. These findings led us t.o revisit the synthesis.
of bicycle 6, due to its three j,nward pointing hydrogens. The pyrimidine nitrogens
shou!d make the rest of the ring electmn deficient making each hydrogen pointing
to the center of the cyclophane relatively acidic. We were velry excited about the
possibility of fluoride complexation because CsF could be used as a base for this
synthesjs. Possibly, the fi!Uoride coul:dl act to help template the

8
9

fo~mation

Chun-shan ZlJO; Jun-Min Quan; Yun-Dong Wu Organic Letters. 2007.4219-4222.
Katz, J.l.; Selby, K. J.; Conry, R. R. Organic Letters. 2005,7.3505.
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of the

cage"

Hypothetrically, fluoride tempJated formation of 6 would mean that the

fluoride ion would interact with the hydrogen atoms of the 3 pyrimidine moJecules
facilitating the ultimate closing of the bicyclic structure.

Figure 2: Fluoride ion complexation with bicycles 1S and 6

As a result of the studies and synthesis optimization of 6, a novel
tricyclooxacalixarene was inadvertently synthesized.

An unpurified reacUon

mixture for the formation of 6 was allowed to stand in acetone-ds for
approximately one month. We were pleasantly surprised to see that crystals had
formed in the NMR tube. X-ray diffraction data showed that the structure of the
crystal was of a compound that we could have never imagined forming selectively,
tricycle 16 (Scheme 5).

acetone-ds
1 month, rt

Scheme 5: Crystallization induced synthesis of tricyclooxacalixarene :16

15

The main challenge of my final semester of research at Colby has been to
selectively synthesize and purify 16.

Although I was unable to synthesize 16

directly from 1 and 3, I have developed a two step method involving the
condensation of oxacalix[2]phlorogJucinol[2]pyrimidine 17 with another equivalent
of 1 (Scheme 6).

~

HO~OH
CsF

o
OH

3

DMSO 70°C
90 min

o~o

(~0'('(0~)

y

OH
17

Scheme 6: The synthesis of 17

Oxacalixarene Guest-Host Chemistry

Guest-host chemistry of oxacalixarenes is another area that I, have explored
extensively during my tenure in the Katz group. lit has been observed previously,
with X-ray crystal structures, that

oxaca~ix[4]arenes

adopt a

1,3-a~ternate

conformation. The bridging oxygen atoms' lone pairs donate into the pi system of
the electrophHe, forcing the nucleophilic component aromatic rings into a co
paraffel position. Crystal structures show that oxacalix[4]arenes and derivatives,
with one benzene ring as a spacer, have al 4.5 A spacing between aromatic walls,
which is far too small to contain a guest molecule. In fact, with that distance

~6

ot

separatiorn, the pi,-elouds of both nllcleophilic components almost overlap.
render oxacalix[4]arenes

as

potential! host mo'lecuies.

To

larger electrophilic

components can be used such as naphthalenes and naphthyridines.

Molecular

modeling revealed that the use of these electrophiles would result in a cavity 7

A

in size 10 (Figure 3). By using 2,7-dichloro-1.8-naphthyridine as an-eJectrophile, the
nitrogens would face the inside of the cavity giving four possible hydrogen bonding
sites for guests (Rgure 4).

..

ca. 4.5 A

ca. 7.0 A

.

Figure 3: 1,3-Alternate conformations of oxacalixarenes with approximate
centroid-eentroid distances

Another possible interaction between the guest and the host that can
affect complexation is

1[-1[

stacking. It has been documented in the literature by

Hunter and Sanders l1 that aromatic groups can be stacked to afford energy
maxima and minima. The interactions likely to be observed between guests and
our oxacalixarene hosts are the direct overlap and offset overlap conformations of
7t

orbital stacking. The di,rect: overlap aromatic

7t

orbitals leads to an unfavorable

interaction and would decrease the possibility of host guest bi:nding in that
situation. However, 'if th.e guest was 11.0 adopt an offset

10
11

1t

st.acking conformaUon,

Katz. J.l.; Geller, B.J.: Foster, P.D. Chem. Commun., 2007. 1026-1028
Hunter, C.A.; Sanders, K.M. J. Am. Chem. Soc. 1990, 112,5525-5534
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e would

likely observe an

increase in binding.

Previous oxacalixarenes

synthesized b the Ka z group incorporating naphthyridines have been crystallized
with solvent molecules inside the ca it., sho ing that small molecules can indeed
fit inside the ca ity,

•
a)

b)

Figure 4: X-Ray crystal structures of pre iously synthesized macrocycles, note
that methylene chloride is in the cavity of

"b",

"0"

and acetonitrile is in the cavity of

1. S03, H2 S04
240°C

KOH,

-------2.

OH

HOW~
1
~

~

H2 N-hex
~

250°C

o

0

0

.

HOW~
I
~

0

quant.

I

0

20

19

~
A
° N.. )l..NA

N
hex

75%

18

~

OH

~~
A.,A..
CI
N
N
CI

0

21
CsF
DMSO, 120°C
14 h

40%

22
Scheme 7: Synthesis of oxacalix[2]N-hexylnapthalimide[2jnaphthyridine 22

Host-guest

complexes

often

exhibit

static

fluorescence

quenching.

Fluorescence quenching refers to any process where the fluorescence intensity
(quantum yield) decreases due to any of the following: static quenching,
collisional quenching, or energy transfer.

Static quenching occurs when the

excited f1uorophore (host) is allowed to relax through interactions with the ligand
(guest). We can use this method to calculate binding constants so long as there
is no collisional quenching or non-radiative energy transfer.
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Results and Discllssion:

m.p,m p-oxacyclophanes

I firs in estigated the aforemer ioned m.p,m,p-oxacyclophanes.
the reaction for the ormation of 7

Ithough

as q ite clean, 7 proved to be exceedingly

diffucult to purify using a silica flash column. Fo

UI

ately, enough pure compound

as isolated to perform c staJ!iza ion experiments, and several large single
crystal-

ere obtai ed within twent, -four hours of setti g up he vapor diffusion

chambers. This allo ed
nexpectedl

the t

instead tilt a. a

0

ike Abers

0

obtain an ora c stal structure (Figure 5).

benzene ri gs do no adopt a coparallel arrangement but

angle.

This confor a ion could be a consequence of the

molec les packing ogether to orm the c . stal or i co Id

e a result of the

nfavorable direct a omatic ;: orbital overlap.

o~

;=<

N

~o

~

I

f--!!

'L.\o~

~o
7

Figure 5: Them al ellipsoid and s ace filii. g models from the X-ray crystal

s ruet re of 7

The prepara ion

7 originally used cesium carbonate as a base. Upon

0

running this reaction for the forma ion of 7 ins ead in the presence of CsF,

e

have found a much cleaner reaction, wit a much larger mass recovery. Howe er,
due to

he poor solubili y

consequentl . no pure yields

0

7. we

ere unable

0

purify it using silica,

ere obtai e .

Bicyclo Oxacalixarenes

Another compound that undergoes a more facile synthesis under fluoride
mediated conditions is bicycle 5 (Fig re 6). Compound 5 behaves well on silica
and is easy to )uri

allowing a facile comparison of fluoride and carbonate as

reaction promoters.

With .en equi alents of CsF, 5

yields up

hereas the san e reac ion catalyzed

0

77%

equivalents of CS 2C0 3 only afforded a yield

0

25o/c.

~las

been synthesized in
ith five to seven

Crystallization of 5 from

methylene chloride occurred within 24 hours and afforded large hexagonal
c stals that

ere stable

0

tside of he sol en . which allowed us to obtain an X-

ray crysta I structu 'e.

Figure 6: Space filling and thermal ellipsoid X-ra crystal structures of 5

The comparison of the t

0

bases, CS 2 C0 3 and CsF became much more

interesting when I began to focus on the synthesis

0'

6.

0

this day I have been

unsuccessful in synthesizing 6 using CS2C0 3 as a base, and

J

initially had quite a

lot of trouble using CsF as a reaction promoter. At first I conducted this reaction
under the same conditions as for the synthesis of 5. Interestingly enough, these
conditions did not form 6 as hoped.

Instead, 1.7 was found to be the major

product, but was produced in low yield. One logical explanation ior this would be
that 2 was either polymerizing or decomposing over time at 120°C. This failure
led me to screen milder conditions to attempt to synthesize 6.

Reactivity was

found as low as 50°C, yet the reactions run at lO°C for approximately 9 hours
were the highest yielding for the formation of 6.

One unusual aspect of the lH

NMR spectrum of 6 is the one of the pyrimidine hydrogen shifts is extremely
upfield (5.85 ppm) for an aromatic hydrogen. This upfield shift is because the
three hydrogens, one from each pyrimidine, point into the center of the cage. Due
to the aromatic rings above and below, the hydrogens experience a smaller
magnetic field than that of a normal aromatic proton.
One exciting discovery happened in early January 2008. A reaction mixture
for the formation of 6 was subjected to an aqueous workup, dried in vacuo, and
then placed in acetone-d6 for an NMR experiment. The lH NMR spectrum of the
contents in the tube identified 6 as the major product.

The solution of 6 in

acetone-d6 was left in the NMR tube during the winter break (approximately 4
weeks).

After a few days back Professor Katz peered into the tube and found

several large single crystals suitable for an X-ray diffraction experiment. However,
what the X-ray diffraction pattern elucidated was not a structure of 6 but of 16

22

instead (Figure 7).

During our time away, 6 had dimerized and crystallized into

16.

o

~ ~OyyO~ ~

\

II

\/,

(

0

0

N~~

0

!

~

'-.:

N

0

~ >-o~o--<

o

/

\)1

_I

•

0

~

0

Figure 7: Chemdraw and X-ray structure of 16
Once the structure
syn hesizing 16.

as determined, I turned my efforts toward selectively

The c sta!s were dissol ed in DMSO-d6 and a clean lH

spectrum was obtained.

MR

Future reactions run at lO°C and 9 hours showed

competitive formation of 6 and 16. but yields for bot

ere very poor.

While trying to optimize the s ntheses of 6 and 16, I also was able to
s nthesize 17.

This condensation occured at 70 c C for 90 minutes in relati el

high yield (85%),
I next attempted to s ntheslze 16 by condensing 17 with one equi alent of
2, Selective formation of 16 was obse ed after 15 mim tes at 90°C in DMSO

with ten equivalents of CsF with respect to the electrophile (Scheme 8)

as

selectively synthesize 16.

I have

able to find the aforemen' ioned conditions

0

obtained 16 in yields as ligh as 20%, even' hen using 17 as an un purified
reaction mixture

Compound 16 sepa(ates

ell on silica, is relatively soluble in

methylene chloride, and can be purified using flash column chromatography,

2'

o
OH

(~~~)
0'('(0

CsF,DMSO
90 oe. 15 min

Y

OH

17

Scheme 8: Reaction diagram for the formation of 16

Oxacalixarene Guest-Host Chemistry With oxacalix[2]N·
hexyl naptha Ii mide{ 2] naphthyri dine

The

condensation

of

20

hexylnaphthalimide[2]naphthyridine.

and

21

readily

forms

oxacalix(2]N

Originally, CS 2C03 was used as a base to

catalyze the nucleophilic aromatic substitution.

Like many aforementioned

reactions, it was found that CsF acts as a much better promoter, and gave greatly
increased yields12 .

For the formation of 22, it was found that adding

approximately 10 equivalents of CsF led to the highest product yields.
Upon amassing a significant amount of 22 I began fluorescence studies.
Due to the poor solubility of 5 we were limited in our choice of solvents. Since 5
is fairly soluble in methylene chloride, we decided to use it for our initial
fluorescence studies and then branch out to different solvents at lower
concentrations of 22 (Figure 8).

12

It was previously shown by the Katz Group that

Rooke. D.A.; Spring research paper 2007

24

oxacalix[2]naphthalene[2Jnaphyridine 25 weakly binds to salicylic acid (23F 3
(Figure 8).

Figure 8: X-ray s ruct re

TIle

salicylic acid bound to 25

0'

eak binding is most likely due to the fact that salicylic acid has only
bonding si e that can interact with the naphthyridine nitrogens in

one hydroge

oxacalixarenes 22 and 25.

The Katz group has shown that 25 binds 22 in the

solid state 13 .

or 
ocq
.0.94 eq
I. - eq

eq
x _.3 eq
~

OJ

~.9

.
1

'.6 eq

o.~ ~~''''·l ~---

'-.f'

n.l

.

~

o ---.: -...,":..--'- - - - - - - - - - - - - - - 350

400

e

:00

·LO
I1ID

Figure 9: 22 titrated with quantitative amoun s of 23
., Katz. J.L.: Geller. B.J.: Foster P. . Chem. Commun., 2007, 1026

600

4cq
- - eq

' .. eq
-.: eq

Another g est studied

as 1,8-dia inonaphthalene (24). The number of

possible hydrogen bond donating sites led
guest for bindi g
sho ed t

~o

22.

olecular modeling

otential hydroge
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In the future

e would Ii e to calculate bi ding constant

for the

complexation of g es~s 23 and 24 with 22. Altho gh 24 can be excited at 375
nm and can be quenched by the addition of acid. the intensity of emission due to

"'0

24 is very insignificant at the studied wavelengths.

We need to study the

possibilities ·of energy transfer as well as collisional quenching that could account
for decrease in fluorescence intensity.

With the elucidation of all fluorescence

quenching interactions, the Katz group will be able to calculate binding constants
using fluorescence spectroscopy.
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Conclusion:

Utilizing the SNAr reaction pathway has proven to be an effective method
for

the

synthesis

of

novel

bicyclooxacalixarenes

and

oxacalix[2]N

hexylnaphthalimide[2]naphthyridines. The Katz group is making. progress toward
the synthesis and applications of oxacalixarene-based host molecules. We have
evidence that guest molecules bind to some of our oxacalixarenes. The success
of 22 as well as other oxacalixarenes as a host for various guests may pave the
way for oxacalixarene use for many modem day applications.

Research will

continue with 22 as well as other oxacalixarenes to study binding ability to various
guests.

As more data is compiled and we learn more about the host-guest

interactions, we can calculate binding constants for our oxacalixarene hosts with
a variety of guests.
Bicycle- and tricyclooxacalixarenes are fascinating compounds that demand
more research.

Future directions will include further optimization of reaction

conditions for 6 as well as 16. We also hope to continue to study the possibility
of fluoride ion binding to 6. With the knowledge that cesium fluoride is a superior
base for the SNAr condensation the Katz group can move on to synthesize even
more novel oxacalixarenes.

This work has led us to explore the use of different

bases that may produce different oxacalixarene product distributions.

32

Experimental:

m,p,m,p-Pyrazine-cyclophane (7). 2,6-Dichloropyrazine (1) (0.061 g, 0.41 mmol).

hydroquinone (4) (0.054 g, 0.49 mmol) and cesium carbonate (0.79 g, 2.4 mmol)
were combined and placed under an atmosphere of argon. Anhydrous DMSO (6.5
ml) was added and the mixture turned a light yellow.

The reaction flask was

placed in a 120°C oil bath and allowed to stir for 16 hours.
mixture turns a dark brown.

Upon heating, the

The mixture was worked up by precipitating the

compound out of solution upon addition of de-ionized water and 1M HCI. No yield
was obtained due to poor solubility.

m,p,m,p-Pyrazine-cyclophane (7). 2,6-Dichloropyrazine (1) (0.058 g, 0.42 mmol),

hydroquinone (4) (0.046 g, 0.39 mmol) and cesium fluoride (0.79 g, 2.4 mmol)
were combined and placed under an atmosphere of argon. Anhydrous DMSO (6.5
ml) was added and the mixture turned a light yellow.

The reaction flask was

placed in a 120°C oil bath and allowed to stir for 15 minutes. The final reaction
solution was light translucent brown. The mixture was worked up by precipitating
a white solid out of solution upon addition of de-ionized water and 1M HCI. The
compound was eluted with 5% methanol/methylene chloride through a silica flash
column with poor separation.

No yield was obtained due to poor solubility.
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Crystalization.14 of 7:

Crystalization yielded colorless crystals using the vapor diffusion method with
methylene chloride in the inner vial (diameter: 1 em, height: 3.5 cm) and toluene
in the outer vial (diameter: 3cm height: 5 em). Hexagonal crystals were also grown
using methylene chloride in the inner vial and either acetone, _ethyl acetate, or
acetonitrile in the outer vial. Crystal formation occurred within 48 hours in
each case. fhe unit cell was solved to monoclinic and a data set was taken
ovemight.

Pyrazine-bicycloxacalixarene 5. 2,6-Dichloropyrazine (1) (0.0943 g, 0.63 mmol),
phloroglucinol (3) (0.056 g, 0.44 mmol) and cesium carbonate (0.89 g, 2.7
mmol) were combined and placed under an atmosphere of argon.
DMSO (6.5 ml) was added and the mixture turned a light yellow.

Anhydrous
The reaction

flask was placed in a 120°C oil bath and allowed to stir for 18 hours.
adding heat, the mixture turns a dark brown.

Upon

The mixture was worked up by

precipitating the compound out of solution upon addition of de-ionized water and
1M HCI. The product was eluted with 30% ethyl acetate/hexanes through a silica
flash column. (0.0278 g, 26%).

Pyrazine-bicycloxacalixarene 5. 2,6-Dichloro pyrazine (1) (0.266 g, 1.78 mmol),
phloroglucinol (3) (.150 g, 1.19 mmol) and cesium fluoride (2.00 g, 13.2mmol)
were combined and placed under an atmosphere of argon. Anhydrous DMSO (6.5

14

Courtesy of Mike Abers '10

34

ml) was added and the mixture tumed a light yellow.

The reaction flask was

placed in a 120°C oil bath and allowed to stir for 20 hours. Upon adding heat,
the mixture tums a dark brown. The mixture was worked up by precipitating the
compound out of solution upon addition of

d~ionized

water and 1M HCI.

The

product was eluted with 30% ethyl acetate/hexanes through a siHca flash column.

(0.187 g, 77.1%).
Crystallization of 5:

Crystallization yielded hexagonal crystals using the vapor diffusion method with
methylene chloride in the inner vial (diameter: 1 em, height: 3.5 em) and
acetone in the outer vial (diameter: 3cm height: 5 cm). Crystal formation occurred
within 24 hours, producing 8-10 colorless crystals. The crystal was stable outside
of methylene chloride environment and mounted on X-ray diffractometer.

The

diffraction was strong, producing intense, random spots in each frame. The unit
cell was solved to monoclinic and a data set was taken ovemight.

m,p,m,p-Naphthyridlnecyclophane 8.

1,8-dichloronapthyridine (0.440 g, 2.2

mmol), hydroquinone (0.244 g, 2.2 mmol) and cesium carbonate (3.0 g, 9.2
mmol) were added to a 25-ml roundbottom flask.

A coldfinger with a rubber

septum was connected to the reaction flask and the reaction was placed under
argon.

Anhydrous DMSO (6.5 ml) was added and the mixture turned a light

brown. The reaction flask was placed in a 120°C oil bath and allowed to stir for
24 hours.

Upon adding heat, the mixture slowly turned a dark brown.

The

mixture was worked up by precipitating the compound out of solution upon
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addition of de-ionized water.

The compound has yet to be purified due to

solubility issues.

pyrimidine bicyclooxacalixarene 6 4,6-Dichloropyrimidine (0.102 g, 0.68 mmol),

phloroglucinol (0.057 g, 0.45 mmol) and cesium carbonate (0.-55 g, 1.7 mmol)
were added to a 1Q-ml roundbottom flask. A coldfinger with a rubber septum was
connected to the reaction flask and the reaction was placed under argon.
Anhydrous DMSO (3 ml) was added and the mixture turned a light yellow.

The

reaction flask was placed in a 120°C oil bath and allowed to stir for 20 hours.
Upon adding heat, the mixture slowly turned to a brownish orange over the course
of 5 minutes. The mixture was worked up by adding 1M hydrochloric acid until
the mixture was acidic and then extracted with brine, water and methylene
chloride. The compound was eluted on a silica flash chromatography column with
a gradient of 3-6% methanolj methylene chloride. No isolable amount of 6 was
obtained under these reaction conditions.

Oxacallx[2)phlorogluclnol[2]pyrimldlne 17. Phloroglucinol (118 mg, 0.94 mmol),

4,6-dichloropyrimidine (139 mg, 0.93 mmol), and cesium fluoride (1.388 g, 9.1
mmol) were suspended in 4 mL of anhydrous DMSO. The reaction mixture was
heated to 70° C for 1 hour. The product was precipitated from the DMSO with
about 2 mL of 1M HCI and 10 mL de-ionized water. (163 mg, 0.403 mmol, 85.8%
yield)
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Pyrimidine

bicyclo-blcyclooxacalixarene

oxacalix[2]phloroglucinol[2]pyrimidine

17

16. A crude
(99

mg,

reaction
0.24

mixture

mmol),

of
4,6

dichloropyrimidine (36 mg, 0.24 mmol), and cesium fluoride (317 mg, 2.1 mmol)
were suspended in 2.5 mL of anhydrous DMSO. The reaction mixture was heated
to 90° C for 10 minutes. The product was precipitated from the DMSO with

~2

mL 1M Hel and 10 mL de-ionized water. The product was eluted through a silica
flash column with 2% methanol/methylene chloride affording 18 mg (0.019 mmol,
15% yield) of pyrimidine bicyclo-bicyclooxacalixarene 16.
Crystalization of Pyrimidine-bicyclo-bicyclooxacallxarene 16 A crude reaction
mixture for pyrimidine bicyclooxacalixarene 6 underwent an aqueous/ethyl acetate
separatory funnel workup and dried in vacuo. The resulting solids were dissolved
in acetone-d6 and let stand for approximately 4 weeks. Large, colorless crystals
of 16 were afforded and were stable outside of the solvent.

The crystal was

mounted on the X-ray diffractometer. The structure was solved to 8%.

S,8-dihydroxy-N-hexylnapthalimlde

20.

5,8-Dihydroxynapthalene

anhydride

(734mg, 3.2mmol) and n-hexylamine (0.46 ml, 3.5 mmol) were suspended in 16
ml of anhydrous toluene.

A Dean-Stark trap was filled with toluene and was

attached to the reaction flask.

After 7 hours of stirring at 130°C the reaction

mixture was cooled and the toluene was removed under reduced pressure.
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Oxacalix[2]N·hexylnaphthalimide[2]naphthyridine

22.

5, B-D ihydroxy-N

hexylnapthalimide 20 (102 mg, 0.32 mmol), 2,7-dichloronaphyridine (21) (67 mg,
0.34 mmol), and cesium fluoride (399 mg, 2.6 mmol) were suspended in 3 ml of
DMSO. The reaction mixture was heated to 1200 C for 14 hours. The product
was precipitated out of solution with approximately 20 ml of Hi). The resulting
precipitate was vacuum filtered and dried. The dry precipitate was stirred in 75
ml of methylene chloride. That mixture was filtered and the methylene chloride
was removed under reduced pressure. The crude product was purified on a 12 g
"Single Step" silica MPLC column. The crude product was eluted with methylene
chloride. The reaction afforded 27 mg of white powder 22.
Crystalization1.5 of 22:

Crystalization yielded prism shaped crystals using the vapor diffusion method with
methylene chloride in the inner vial and toluene in the outer vial. Hexagonal
crystals were also grown using methylene chloride in the inner vial and either
acetone, ethyl acetate, or acetonitrile in the outer vial. Crystal formation occurred
within 48 hours in each case. The unit cell was solved to monoclinic and a data
set was taken overnight.

Oxacalix[2]N-hexylnapthalimide[2]naphthyridine 22 Auorescence Studies:
mM 22

in methylene chloride was prepared.

1.6

A Perkin-Elmer 650-10S

fluorescence spectrophotometer was used to examine the fluorescence: exitation
slit at: 5 nm, emission slit at: 5 nm, and the sensitivity at: 0.3.

15

Courtesy of Mike Abers '10
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The exitation

monochromator was set at 355 nm and emission wavelengths were scanned from
480 to 375 nm at a scan rate of 20 nmjmin.

The resulting potentials were

recorded and the emission max was found to be 405 nm.

Then the emission

monochromator was set at 405 nm and excitation wavelengths were scanned
from 350 to 390 nm at a scan rate of 20 nmjsec. The excitation max was found
to be 375 nm.

Host:Guest + Acid Titrations:

22 titrated with 23
A 1.6 mM solution of 22 in methylene chloride was prepared. Nine solutions of
varying equivalents of 23 per ml, also in methylene chloride, were prepared.
Emission spectra were taken of 1 ml of the solution of 22 and 1 ml of one of the
solutions of 23.

The titration was performed using a Perkin-Elmer 650-10S

fluorescence spectrophotometer. Excitation was set at 375 nm.

22 titrated with 24

A 0.50 mM solution of 22 in methylene chloride was prepared.

9 solutions of

varying equivalents of 24 per ml also in methylene chloride were prepared.
Emission spectra were taken of 1 ml of the solution of 22 and 1 ml of one of the
solutions of 24.

The titration was performed using a PTI Xenon-Rash

Spectrofluorometer. Excitation was set at 375 nm.
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5:1 mixture of 24 and 22 titrated with TFA
One ml of 0.50 mM 22 and 1 ml 2.5 mM 24 (both in methylene chloride) were
added to a fluorescence cuvette. A 50 mM solution of TFA in methylene chloride
was prepared so that 10 uL of this solution would be equal to one equivalent of
22. Successive equivalents of TFA were titrated into the cuvette containing 22
and 24, and an emission spectrum was obtained after each equivalent of TFA was
added using a PTI Xenon-Rash Spectrofluorometer.

1:1 mixture of 24 and 22 titrated with TFA

1 ml of 0.50 mM 22 and 1 ml 0.50 mM 24 (both in methylene chloride) were
added to a fluorescence cuvette. A 50 mM solution of TFA in methylene chloride
was prepared so that 10 uL of this solution would be equal to one equivalent of

22. Successive equivalents of TFA were titrated into the cuvette containing 22
and 24, and an emission spectrum was obtained after each equivalent of TFA was
added using a PTI Xenon-Flash Spectrofluorometer.

24 titrated with TFA

1 ml 0.50 mM 24 in methylene chloride and 1 ml methylene chloride were added
to a fluorescence cuvette so that the concentration of 24 would be equal to what
it was in the 1:1 host:guest titration that was previously mentioned. A 50 mM
solution of TFA in methylene chloride was prepared so that 10 uL of this solution
would be equal to one equivalent of 24.

Successive equivalents of TFA were

titrated into the cuvette containing 24, and an emission spectrum was obtained
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after

each

equivalent

of

TFA

was

added

using

a

PTI

Xenon-Flash

Spectrofluorometer exciting at 375 nm.

22 titrated with TFA
1 ml 0.50 mM 22 in methylene chloride and 1 ml methylene chlmide were added
to a fluorescence cuvette so that the concentration of 22 would be equal to what
it was in the 1:1 host:guest titration that was previously mentioned. A 50 mM
solution of TFA in methylene chloride was prepared so that 10 uL of this solution
would be equal to one equivalent of 22.

Successive equivalents of TFA were

titrated into the cuvette containing 22, and an emission spectrum was obtained
after

each

equivalent

of

TFA

was

Spectrofluorometer exiting at 375 nm.
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added

using

a

PTI

Xenon-Rash

NMR Spectroscopy:
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